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III a wave] eIJgth di vision mul t ipl exed ( W1)M) fiber system, whe?”e

pu] scs on di ff e? c,n t wavel ength beams nlay CO-l> l-Opa CJa t e ill a sixl<gl e mc>de

f i]mr, the cross },hasc  moc?ulatjox)  (C’i+f) ef fec:ts causcc?  hy thz

nonlinearity of the optical fiber aI-e unavoidable. III other wcu C3S,

pUISeS on diffel ent wavelength l>eanw carl interact with and affect. eacl~

other through t}J~ jntensit.y  dependence of t}le refractive ixlc?ex Of tt~e

fiber. Al thougl] CPM wi 11 not cause e]je~-gy to lm exc}mnged amc~]lg t-}Ie

beams, hut the pul se shapes and 1 oca t.ions OXI t.tlese beanw call be al LeI ed

significantly.

Using t hjs ~,hPI)omeIIOI), t hrouqh t.hc in t roduct. ion c~f a s}kel~herc?

~xl.lse at a SC?I>ZIJ at e wavelengt J), it. is possible t.o n~ar)i~)ulat e FIIIC? coJ]t 1-01

pu.1 ses ox> co-pr<>pag~  til]g lman]s . How t}lis can be accompli shccl wi 11 Iw

demcmst I-a ted i J1 t l]is Imj,er.



‘1 ‘h c? successful dc!si gl-1 C)f cl~ Spc!l”si on- Shi f t ccl al”ld

di spersi om f 1 at. t.enec] opt. j Cal f i bc:rs havi ng I C)W di spersi c)n

c)ver a relatively large wavelength t-angc 1 .3- 1 .6 pm [1 1 ,

enhanced t.l-le vi abi 1 i t.y of mul t.i - Cl)anne] wave] engt.l-l c3ivi s)i c)~)

IIm Il t-i p] c?xcci (W1)M)  syst.  c]ii [ 2 ] . Al 1 channel s wi 1 1 experi eIIc:c!

simi lar low clispersion  . ‘J’hi s clc2si gn i s ac:hi c)vc!cl t.hrouq}]  t I](?

use of mu] Lip] e Cl adcling 1 ayers [3]. ‘1’hcrefc)re,  i L i s

conc:eivab] c that t.hi s type c)f Inul t.ipl & claclcli n:;- J ayer:) clc!si (;I1

t.echni que may be usecl t.o cust-om ciesign the desi reel di spcrs; i c)r~

c:haracterj st. ic:s [4] . For exalilpl e, by mi ni mi zi ng t.hc

chromat, i c di spersi on over a wave] ength band i 1-
1 whi CII W1)M

channels are assigned, group-vel c)c:i t,y rni smatch f c)r these

chan~ie] s I(lay be e] imi nat. ecl resu] t.i ng i n Lhe desi rabl c

sin(o] t.aneous arrival of signal s in these WI)M channel s . ‘J’~ I[i<!

al i gned, sil”mlt,aneous arrival of W1)M bi L pul ses i s, very

impor~an~ fc)r a new class c)f bi t. paral 1 e] wave] cmgth (BI’”WI

link system USCC1 in high speed (>1 O (;byt.e/see) single fibe]”

ccmput. er buses [2] .

III spi t.e of the int.rjnsica]  ly SIIla] ] VC1] UC: C)f t.h C?

nc)nl ineari t.y c:oef f ici cnt. in fuseci si 1 i c:a, ciue t.c) 1 c)w 10ss ?Irl(l

1 ong i nt. eracti on 1 engt.]1, t.l)e norJl i rlear ef f ects i n c)pt. i cal

f j hers nmdc? wi t,h f used si J j ca c:annot l.)c) i gnorc!d men at.

relative] y 1 ow power 1 eve] s [5] . ‘1’lli s nc)nl i near phc?nomer)ol )

i n f ibers has been usecl succ:essi ul ly to generate c)pti Cal

sol it. ons [6] , 1.0 compress c)pt. ical pul ses [-/ ] , to prociuce

t i mi ng mai nt. eIlance .i n c)pti c:al ccxmun i ca t. i ons :,y:, t. ems [8], tc)
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t.l-a Ilsfc?r energy f rc)m a pulllp wave Lo a St okcs WilVC: t.}l YC)U(]})  t}l(:

Raman gain effect.  [9] , to t ransfcr energy f rc)m a pulnp wave t.o

a co~ll-)t. e~--p~-o~)aga~illg  Stokes wave t.hrc)ugh  t.llc2 IJri 11 oui n gdi n

ef f ect. [1 O] anc~ Lo producc2 f oul-- wave lnixi ng [ 1 1 ] . Now, WC2

wi sh to add olIe IIIc)rc2 appl i c:at. i c)n - t.lle shepllcrc3i  I-Ig ef f c!c:t. .

]n a WIJM syst. em,

C!f fc!c:t.  s [22, 13] Causc?c]

fiber are unavoi c]abl C.

the C:rc)ss phase ! mc)du] at. i C) I-
I ( C! ’M)

by t hc nc)IIl i nc2ari t.y c)f t.})e opt. i ca 1

‘1’hesc CI’M ef f ect. s c)cc:ur when t wc) c)r

more opt. j c:al beams Co-prc)pagat,  e si mu] t.aneous]y and

each other through the i ntensi ty dependence c)f t.l~e

i ndex . This  CPM phenomenon can be used t.c) produc:e

interesting pul se shepherding ef feet, . ‘1’lic purpc)se

paper i s LO r~port. t-his ef f ect and t.o clescri hc. hc)w

uti li zed LO al ign the arrival t.irne c)f pulses which

ot.herwi se miss] i gned.

affect.

rc2f ract. i vc:

an

of this

i t. may be

are

‘1’he fundamental equat. i ons gc)verni ng M numbers of co-

prc)pagati ng waves i n a non] i near f i her i ncl ucii ng t,he CI’M

ph enc)rrrenon a r c t.}le coup] ed non] i near Scllrocli  nger equat. i c)]ls

[14]:

dA j 1 ~)A  j 3 ) ;pA.i

+- +- (xj Aj 1  - [\2j -

i) z.
Vg j i)t. 2 2 dt. ~
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(j : 1,2,3, . . . ..NI  ) ( ‘:1 )

1“1 ~ (1) j

‘rj = - ‘---”
C Acff

(2)

is the non] i near j nclex coef f i ci ent. wi t.h Ac, f as the ef feet .ivf:

Corf: area and n~ = 3.2 X 10-]6  c; I112/W fcjr sjljc:a fjberst (Oj is

the carrj er f recluency c)f Llle -j t}] wave, c i s the speecl of

1 i ght. , and z, .is Lhe cli rect, i on of propagat. i on al ong the f ib[:l’.

1 nt. roduci ng the nc)rma] j z.i I“Ig cOef f i Ci ellt. S

t.- (z/vg])
~= L..._..

‘1’()

(I],j ~ (Vg]-vgj) ivglvgjj

(3)



(5)

gi vcs

i3U:j sgn ((+zj  ) IJI)I d2Uj Cl]-j i)Ll  j

i – --- = ---— ---– --- - —.-—— - i ––– 1,1)~ ‘1

36 ~],1)1 ~~? 1’0 i)x

(j = 3,2,3, ..o. .M ) (6)

IIcr”c, ‘1’0 i s the pul se wi dt.11, I’oj i s Lhe i nci dent. opt. i cal pc)w{:l

c)f the -jLh beam, and c~l  j , t}le wal k- of f parameter between beam

1 allcl beam j , describes IIc)w fast. a gi vc21J ~)u] se i n hc’:ll[i :j

~)asses t-hrough the pu] se i ]] bc:am 1 . 1 n other wc)rcls, t Ile

walk-off length is

IJW(lj) = ‘1’()/lc3]jl  . (’/)
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Sc) , lJW(lj) j s tile cli stance for which (he fast. cr Iioving pul se

( say, i n beam -j ) ccnilp] etel y walked t hrc)ug}~ t.}lc s] c)wer IIIC)V i r)<]

pul se i n beam 1 . The non] i near i nteract.i on bet_weerl these Lwo

c)pt. i c:al pu] scs c:eases t.c) oc; cur af t.er a cli stance IJW(l  j). I“c)-i

Cross - phas; e ri~ociul at. i c)n (~PM) t.o take Qf feet signi f i Cant. ]y,

t.l)e <~.t-oup - vel oci Ly mi snlat. c:)] mu:;t. be he] d Lo near zero.

1 t. i s al so nc)tcxl f rorn Eq. ( 6 ) t-hat. the summat. i on t erln

i n the bracket represent, i ng the cross- phase IIIOCIU1 at, i on ((; I’14)

ef f ect. i s twice as ef f ective as the se] f phase moclulat. i c)n

(SPM) ef f ecL for the same int.cmsi Ly . ‘J’his means t.}lat.  the

nc)n] i near ef f ect. of Lhe f i bor mecli um cjn a beam may be

enhanced by the co- propagat i on c>f snot.}]er i.> C?dTll wi t-h t.h~: sal~l[~

group vC21 oci t.y .

Equa Lion (6) is a set. of sirnul t.anec)us coup] ed non] i near

Sc:hrodi nger equat. i ons whi c;}l may be sol vcxl numeri cal 1 y by the

spl i t.- step Fouri er method, which was used successfu] ly

ear] i er t.o S,OI VC’ Lhc prc)b] cm of beam propagat. i on i n Ccnnp] ex

f iber structures, such as, t.lle f iber coup] ers [1 5] , and t.o

S,CJI VQ the t.herma] b] oomi ng prob] enl f or hi gh energy 1 aser

beanls [ 16 ] . Accorcii ng t.o t.lli s nwt.}lc)cl, t.lle sc)l ut i c)ns Illay bc?

aclvanccd f i rst using only t.hc nc)nl i near part of t.lle

Cquat ions . Ancl t-hen the SC>] ut-i c)ns are al 1 owecl t.c) advanc;  c!

using only the 1 i near part of I+q . (6). ‘1’lli s f c~rward st.e~)pi nt?

process i s repeat. cd c)ver and over agai n unti 1 t.)le desi red



clc!st. inat. jon i s reached . ‘J’]le F’c)uri er t ransfor Jrl i s

accomp] i shed numeri  cdl 1 y via t }IC we] 1- knclwn Fast. Fc>uri er

‘.i’ransf orln ‘1’ec}lni clue.

Usi ng the above approac}], the evo]ut. ion c)f al 1 t.l]e

pu] ses on a] ] the co-propagati I-J(I W1)M beams as they propagdte

clown t.}~e fiber may be obt. ai necl. I L was t.hrc)ugh t,hese

nurneri  Cal comput. at. i ons that. we cli scoverecl the i nt. crest. i nq

pu] se shepherdi ng as we] 1 as the beam cori~pressi on ef f ec:t s

[17]. As expected these effects only exj SL when group-

velc)ci ty mi smat. ch for the int. erest, ecl beams i s negl igibl e. 111

other words, there i s no wal k--off [ 12 ] among the i nt.crest..e~j

beams . As men~i oned earl jer, t.hi s Can be accomp] i shecl

Lllrough proper Lai 1 c>ring of the di spcrsi c>n c.ilaract.  eri s>t i C:s} clf

a single-mode fiber.

Consider now the CVC)I ut. ic)n of two si ngl e pul ses c)n t WC)

co- prcqmgati ng beams w}~c)se operat. i ng wave] engths are

separated by Ak = 4 nm. For t.hi s case, the four wave mi xi )Ig

ef f ect i s neg] igible. 1 t. i s further assur[led that. t.lle s;ig~)zll

carry i nq pul ses on CaCh beam are separated by suf f i ci Cnt 1 y

largc time int. erva] s SC) Lhat. I-lo i nt. eracti c)n among suc:cecxli  nq

pu 1 Sc!s on the same bea]n CJC; CUr S) . ‘J’ile pl]ysi c:<] 1 parameters t ]Ja[

care chosen for the si mu] at, i on c:c)rrc!s, pond t.c) an actual s,yst. em

that. i s of int. eres~ :
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= O .2 clI1/km

Vg , group veloci Ly of t.lle beam = 2.051 14’/ x 108 111/ s(?(:

~~j . wal k- of f parameter between beam /11  a n t ]  bealn ii ~

= Vg]  - 
Vgj =- O (no walk-off)

‘1’0 = pulse widt}l = 10 ps.

Us; ing t,hesc values, t.]-l~ di spersi c)rl ] ~?Ilg~~l lJI) or the rlOIl]  i I)(’&l’l’

1 engt.h 1,~1,, whi ch provicles the 1 engt}i sc:al e over w}li Ch t.}le

cii spersive or non] i near ef f ect. s for pu] ses C )  I
-
I a  s i n g l e  hea]ll

bccorne important. for pul se cwol utj on al ong a f ikmr of 1 enc]t.h

1), is

Iq) = 62 krn

c) r

11~1, : 50 km.

1 t. i s not. ecl that in an i deal i Zcci si t.uat i 011 of zcrc) f j her

at, terlua Li on, sol i Lon propagat. i on c:c~ncli  t. i c)n for a si I-rg J e bCa II)

resul (.s W}”r ClI’]
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N2 z 11[)/IINl,

and N i s an integer. I’or mu] t j p] e j nt.c~ri)cLi  rig beams , t }lc:l’[1

] s no condj Li on under w}li c:I1 SC)] i t C)l”l S I1lCly c?xi St. Cvcn j f L-llc:

fiber is lossless.

Shown in Fi g . 1 (a) is the evolution of two gallssj ~ln

pu] scs on t,wo di f f erent wave] enqt.h beams as they propagat.c: i II

Lhis single mode fiber. ‘1’hescl p u l s e s are injt ially of fst2t by

1 /2 pulse wjdt.h. 1 t. j s seen that. the pul ses are af feet.c?d })Y

CaCh c)t. her. Due t.o Lhe non) i near SI’I.i and ~1’M ef f ect. s, the

pul ses t,end LO at, t.ract each c)t. hcr . ‘1’hcy appear Lc) collgregat e

towards region of higher inducecl index of ref ract. jon. ‘1’tlc’

f c)rward pul se is pul 1 ed back whi 1 e the backward pu] se i s

pushecl forwarc~ so that these pul scs tend t-o al i gn wi th each

other.

9’hj s c)bservat. ic)n j s consi st. ent. wi t.h earl i cr di SCC)VC>IY

C)f t.}le self- focusing effect [18] where t.}le i ncluc:ecl }]i gh~r

ref l-ac; ti on i ndex regj CJ1l Causecl by ]li g]ler bc2aIn i nt. ensi t.y t.rr]ds

t. o ‘Cat,  t.rac L ‘ the propagat. i ng c)pti cal wave, resul Li ng j n t.lle

‘ f c~cusj  nq ‘ c)f t.hi s opt. i cal wave. IL is alsc~ cc)nsistent with

the concept- USCC1 to confine t.} J~l-ll’Ia] 1 y- b] C)c)mcd hi gh - C?l”JC?l-<JY

1 asc!r beam, where mu] t.i p] e :,11 I-round] ncJ bcanl:> a r e  US C2CI  t.c)



create an i ndex envi ronlnen L i n w}lj Ch t.l)e cent. ra] nmi n beaIt I

t e n d s  t.o C2xpancl 1 Css clu~  t o the 1 owerjng of t.l)e surrounclj ng

i ndex of ref racti on caused by t l]c heati ng f rom t.}le

surrounding beams [ 16 ] . It. is alsc> consistent. wi t-h t he

“draggi ng ef f ect “ that. c)cc:urs .in wc~ak] y bi rcf ri ngc~l)t.  f j be? s

[19].

1 t, i s expect eci, hc~weverj t hat. when tile t wo cc)-

propagat, i ng pul s-es on two s)eparat. e wave] engt. h beams a re

separat. ecl by a suf f icient]y large di st.slice, Lhcse two JX]]  SC:S

wi 1 1 not i nt. eract wi th each other . ‘1’lli s f act. i s clen~orist  rat cxi

in Fig. 2 (a) , where the two cc>-propagat.i ng pu] scs arc

separated by one pulse wicltll. RaclI pu] SC! prc~pagat. es

i ncic~pendent.  ]y as i f i t i s not. aware of the presence c)f the

ot, her pulse. :1 t, thus appears that c)nce t.}iese pul scs are

1 aunched in thi s manner, the separation of these pul ses

cannot. be al Lered, cxcept- Lhrc)ugh Llle i ntroduct,  i on of a

s;hep}lerd pul se as shown in t.lle next. sect.ic)n .

I L wi 11 be shown t hat i f anot }Ier pu] se, c:al 1 eci t }]c

sllepl]erd pul sc because c)f i  t  s  sllepllercli  n g  bchavi  c)r C>ll t  II(>

c)ther pu] SQS, i s 1 auncl]eci at t.hc> ri gilt t.i ]nc wi t.h t }le ri ght.

nmgni t.ude on a 1 . 542 Pm wave] engt ]1 beam w}li ch i s 4 nm f rc)m

beaIn # 2 anti 8 mn f rcxn beam #l 1, t.l]ese wiclely s e p a r a t e d  pu] SC?S

c)n beam #l 3 and beam # 2, as show~l i 1-1 F’i g . 2 (a) , call be brouqllt
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si gni f i cant,] y closer  t o each  c]t. }ler . 1 n other wc)rds , i t. i s

pc)ssib~ e to pu] 1 bac:k t he f c~rwa rcl propa ga t. i ng pu 1 se and a t

t he same time LO PUS1l f c)rward L.hc backwarci pul se LO acllj cvc

near pulse al i gnment . ‘1’his i s shown in Fig. 2 (b) .

“J’he magn i Lucle, t.}le shape ancl t.lle 1 ocat.i C) I
-
I of t.lle

s,hephertl pul se, al 1 Cent, ri bute tc) t.hc: event. ua] ~~l~C;ess of

t.lli s, scheme tc) al ibn these CX- propagati ng pu] ses . ‘J’~~e

f undamcmtal phenomena that, govern t.llj s scheme are the SI’M,

~1’M and GVI), Comput-er sirrrul at-i c)n shows t.llat. 1 ower rnagni tude

shep}lercl pul se does not possess sufficient at-tract. ivc

st. reng~h LO pul 1 t,he shepherded pul ses together . ~4.0~-

examp] e, a magni t-ude 1 shepherd pul se, Cxp ( -0 . 5  t~), s; Lutit  <:d

i n the mi ddl e of the shepherded pul s>es, can on] y bri ng these

pu] scs 1 0% c:] oser LO eac+l other, wlli 1 e a magnj t.ude 2 shephey d

pulse, 2 exp(-O.5 Z2) , similarly situated, can almc)st - aligJI

these pul ses. See Fig. 2(b). Tt. does riot. f oll C)W, however ,

L.hat. an even hi gher magni t-ucle shephercl  pul se can bri nq t IIc

shepherded pul ses Loget, her sooner, because a magni tuc]e 3

shepherd pul se ‘ s t.remcmclous  ‘ pu] 1 ‘ on the shepherclec] pu] SCJF;

Lencis t-o breakup these pul s;e:; through t.}le i n t. rociu c;t i c)n of-

hi gher osci 11 ati ons . ‘1’here j s a ba] anc:e as to lIc)w  strong  t.}le

S}lq)llc?rd  pul SC caI”l  be .

Broadeni ng t,he shephercl pul se, i . e. , usi ng a

2 exp ( -0.05 T2) pul se, c)nly s}larpens Llle shepherded pu 1 F)es, ciue

t.c) an i rlcreased apparent. mcxii um non] i neari t.y. ‘J’}Ic use c)f
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t.hi s brodclened  shepl  Ierd pu] s e  can c)IIly  bri n g t}lcl S}lep}lclrd  [’d

pul Ses 30% closer t-c) Cacll Othc!r, a far cry f rc)lll t }le al i gIIIIK! I It

achi evccl by Lhe sharper shepherd pu 1 se of 2 c!xp(-o.5 z~).

‘1’}Ic2 next st, ep, perhaps, i s tc) use two :>}lq)}lc>r-ci  pu 1 :> (?:>

on t,wc) di f f erent- wave] ength beams to f urt. }ler erIhance t.lle

s}lephercling ef feCL . C)ne, the 2 exp ( - 0. !) ‘t~ ) shepherd pu] s, (>,

c)n beaIn 413 at. 1 .542 ~im Inay be u s e d t c) pu 11 Lhe t.wc) shepherciec]

pu] scs t,oge~her, and the c>t. her, the 2 CXP ( -0.05 T2) shepl]erd

pul se, on beam #~ 4 at. 1 .538 pm may be USCCI  t.o sharpen the two

shep}lerded pul ses . l’hi s si Iilul at. i on i s clone  . It. i s

di scovered that, Lhe added st. rengt. h of two shepherd pu] ses

t ends t-o breakup the shepherded pul ses i nt. o several

oscillating pulses, an unciesi rabl e p}ic2noIIK2non.

The above computer simulation shows that. t.here exi st s

an op~imum shepherd pul se wi t.h a certain magni L-ucle,  PU1 se

width, pul se shape, and 1 ocat. i on wi t.h respect. tc) t-he

shepherded pu] ses that can prc)vi cle t}Ie besL al i gnment for

L}lese pul Ses. For the exampl e wi t }] t.hc pllysi Cal paramel. er-s

gi VeX-
I here, the optimum s}~q)llerd PUI se appears t.o be t.hc

2 cxp ( -0.5 t~) pul sc si t.uat. ed between t he t.wc) shepherded

pulses.

For the case of reduc:cd scparat i c)n c)f t he pu] scs tc) bc?

s}lepherded, as for the Case sllc)wn i n Fi q 1 , a rnuc:h m o r e

dramat. i c clemons~rati on C) I
-
I t }IC success f u] a 1 i gnrnen~  achi evdhl [’



b y  a we ]  1 design ccl shep}lerd  ~)u]  s e  can  be  seen j n F’i g . 1 (b) .

Ilcrc, t h e  gaussj an pu] scs C)I1 b~~JI[l  # ~ C1l-ld C) I” )  b~<iIll  ii ~ CII-C>

c)f f set. by 1 /2 pulse -wjclt.  h. A gaussjan sllephe~-d PU] sc C)f

unj t.y magnj Lude, al i gnec] wi tll the pul se c>n beam +1 1 , i s

i I] Lrc)clucecl on bcmm #l 3 whose wave] engt.11 j s 1 , 542 pm. ‘1’lli s

wave] engt. h i s 4 nln f rC)III beam 412 and 8 ml~ f ~-cm] beam +13 ,

assuri ng t,hat, the four wave mixinq effec:t. is negligible. It_

i s c> bservecl Lhal_ Lhi s s}lepllcrci  pu] SC? i s capable c)f achi eving

C?XC;C>]  1 ent. al i gnmenL. fc)r t.}le wayw~irc] pu] SC! (pu] se cJn beam +12)

wi t h the reference pu] se (pu] se on beam 4/ 1 ) .

Anc)t,her case dernO1lSLrat  i ng t,he ef feet. i veness of a

shepller-ci  pul s e  t,o con Lrc)I  ancl a l  i g n  t,he sllep}lerded pul s e s  i s

shown j n Fi g . 3 . llere, Lwc) gaussi  cJn pu] SC?S  C)n t w o  di f f erC?llt.

wcJvel ength beams wi Lh wave] engt. hs of 1 .55 pm anti 1.546 ~In~,

originating in an aligned position as shown in Fig. 3 (a) ,

begin t,o separate from each ot IIer clue LO s] ight. di f f erence in

the group vel oei Li es fc)r t,hese two beams . Wi Lhout.. t,he

presence of a shepherd pul se, these beams wi 11 be

approxirnat,c?] y I /2 pu] sewi dt, h apart. at. SO km c~owns~rc?arn  EJ,S can

be seen from Fig. 3 (a) . Wi t-h t }lc shepherc] pu] se of

2 exp ( -0.5 Tz) on a t,hi rd beam wj t.}1 wave] engt. h 1 .542 pm,

c)ri gi na] 1 y al i gnecl wi t.]] tile t wc) shepherded] I)UI ses aIlci

Propagating  aL Lhe same veloci Ly as Lhe pulse on beam f13 , at.

50 km clown st. ream, the shc!pherclcx]  pul ses are st. il 1 al ignec] as

sllc)wn in Fig . 3 (b) .



Contrary t c> delImlldi ng ‘ fast ‘ wa~k - of f c]f C: CJ - prc)pagat j r]c~

beams f rcxn  eacll ot.ller-  i n c)rcler  t.o avoi d arly de] e(. er.i ous WCI 1 k-

of f ef f ect. among Lhe beams anc~ to mi Ili nli xc! t-he i nt.eract-i c>n

a rnorr g t. h es e b c’ a ms due Lc) Lllc non] i n~ar behavi 0]” of L.l”Ie f i k)c>r

I[wcli um, i t. i s f ouncl t }lal , by requi ri llg as lit. t.le walk-off as

pc)ssib] e, t he “slle~)}lc?~-clirlg” ef f ect amc)ng  the vari OUS, bc2anls

Inay be used t.c) “  h e r d ” t.llern  Loget.ller  resul t.i ng i  n  the

dcsi rabl e charact_eri :;t. i c: c>f silIml t aneous arri va] c)f c:o -

propagat.i ng beams in a IIPW (bi t- para] 1 e] wave] ength) syst ern

[ 2 ] .

What, has been clemons~ra~ec]  here i s that. Lhrough the

in Lrocluctjon  of a shepherd pul ~;e c)n a separate wave) (?ngt }~

beam, i L is possih] e t.o dyndlmi.czrl~y  marlipul ate, control ancl

reshape pu] ses on co- propagati ng beams . ‘1’hj s dynarni c cent rcd

f eat.ure from a shepherd pul se is a unique one.



‘1’l)e research descri bed i n t.hi s paper was performed k)y
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anti was sponsored by t-he Ila] 1 i stj c Mj ssi 1 e IJef ens, e
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Figure 1 . IWO] utj on of two gaussjan pu] ses c}n two WI)M

beams  , separatccj b y  3 /2 p u ]  S,C wi dth:

( a )  Wj t,hout shep}lc)rcl  pu] se c)n t.llc t-hi r d  b e a m .

(b) Wi th sl-lc@ercl PUI se on the thi rcl bea)n.

l“ig~lre 2. Evol ut. ion c)f two gaussian pul ses on L.wc)  W1)M

beams, separated by 1 pulse width:

(a) Wj thout shepherd PU1 se on the Lhi rcl beam,

(b) Wj th shepherd Pul se on the thi rcl beam.

Fi gtlrc? 3. Evo3.  uLion o f  Lwo irlit. ially al igneci  gaussi a n

pulses on two WDM beams.

(a) After propagation, separa~ic)n occurs fc)r

pulses on beam #l 1 ant] beam ~12 wi t.bout

shepherd pu] se c)n the thi rd beam.

(b) Al ignment maintained for PU1 ses on beam +11

ancl bealil  #l  2 w i  t h  s} Iq>h Crc] pu] sc; c)n t.hc t.1~ i 1-(]

bc?alll  .
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